The effects of the fermented soybean product "Natto" on the composition and metabolic activity were studied in seven healthy volunteers (22-49 years of age) who ingested 50g of Natto/day for 14 days. During Natto consumption, the counts of Bacillus subtilis (B. natto; p<0.001) and Bifidobacterium (p<0.05) were significantly increased, except for the numbers of Bifidobacterium in two volunteers, whereas the counts and the frequency of occurrence of lecithinase-positive clostridia (p<0.05), including Clostridium perfringens were significantly decreased, when compared to the values before the consumption.
Introduction
Recently, functional foods such as probiotics, prebiotics and biogenics are being actively developed, and were recognized in 153 foods by the Japanese Ministry of Welfare on July 23, 1999. "Natto" is a traditional Japanese food made from soybeans by the fermentati on of Bacillus subtilis ("B. natto"), and has both probiotic and biogenic actions. Soybeans have various oligosaccharides such as raffinose and stachyose11), isoflavones such as genistin and genistein5), dietary fibre4,20) and high protein12). On the other hand, Natto has various ingredients such as amino acids34), vitamin B33) and vitamin K25), and oligosaccharides such as melibiose and manninotriose11) that are increased by fermentation.
Various effects of Natto as a medical food are known, including the prevention of high blood pressure and heart disease with nattokinase24), the lowering of cholesterol with soybean protein12), antibacterial activity against Escherichia coli with dipikorin acids23), the inhibition of cancer with isoflavones1), the induction of interferon with toxin of gram-positive bacteria20) and the reduction of soybean allergenicity with substances produced in the fermentation process of Natto35). (Fig. 4) . The counts of Enterobacteriaceae showed a tendency to decrease during the consumption, except for Enterobacteriaceae in three volunteers (Fig. 5) , whereas the frequency of occurrence of B. subtilis demonstrated an increased tendency during the consumption , when No detectable changes occurred in the counts of other organisms or in the total bacteria throughout the experimental periods. 
Fecal organic acids
The concentrations of fecal acetic acid during the period and total organic acids and succinic acid on day 14 of the consumption showed a significant increase(p<0.05), as shown in Fig. 6 before and after the consumption (Table 5 ). The water content and weight were slightly increased during the consumption. The effects of Natto consumption on the intestinal flora in rats are conflicting. Watanabe et al. 34) showed that Natto consumption enhances the growth of Bacillus, Streptococcus, and Lactobacillus, and reduce E. coli in rat ceca.
In In the present study, a significant increase in Bifidobacterium and a decrease in the counts and the detection rate for lecithinase-positive clostridia in humans during Natto consumption were similar to the results in humans administered soybean oligosaccharides8) and raffinose2). Major increases in the counts of B. subtilis are found during the consumption, which may be considered to mean that there is no effect of acid on the strain in the stomach.
The end-products of the bacterial metabolites such as the SCFA, fermentation gases, and energy are thought to play an important role in intestinal disorders20) . Cummings et al.4) described that little change in fecal SCFA occurred with variation in diet, and the total SCFA increased parallel to fecal weight.
In this study, the increase of fecal acetic acid, succinic acid and total SCFA on Natto consumption was similar to those in humans given lactosucrose7). Fecal weight did not increase the reason that the amount of dietary fiber in Natto decreased during fermentation26) .
Potential toxic substances such as ammonia, sulfide, amines and phenols that are potentially harmful to the host are considered to be important factors in lifestyle-related diseases22) . In the present study, fecal concentrations of ammonia, phenol, skatol and cresol were decreased in Natto consumption, as has been noted in humans fed yoghurt17). These results might be related to the reduction in lecithinase-positive clostridia and Enterobacteriaceae in the large intestine , as noted by Bone et al.3) . It seems that Natto consumption inhibits the metabolic activity of the intestinal flora , resulting in reduction of the effects of aging and causation of lifestyle-related diseases .
Pietroiusti et al. 19 ) noted that the fecal pH of humans is not affected by fecal weight, age , sex, or diet of the subjects. Some oligosaccharides7, 29), alginate30) , chitosan32), and yoghurt17) have been described as effective pH-demoting factors. The level of lowering of fecal pH values during Natto consumption is 0.25, which is weaker than oligosaccharides7,29) and yoghurt17) consumption .
It may be concluded that Natto consumption contributes to improvement of both the composition and the metabolites of the intestinal flora, resulting in a relative deodorization of human feces .
